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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a positive electrode active material for a lithium 
secondary battery having excellent thermal stability in a charged state and capable of 
reproductively providing high discharge capacity and a superior cycle characteristic. 
SOLUTION: This positive electrode active material for a lithium secondary battery is formed of 
lithium composite oxide powder having a layered rock salt type crystal structure belonging to 
a space group of R-3m, having an average composition expressed by the following formula 
(1): Lia(Ni1-x-yCoxMy)OpFy (where x and y each is an atomic ratio, 0.05^x^0.35, 0.01 iy^ 
0.20, M is one or more kinds of elements selected from among the group comprising Mn, Fe, 
Al, Ga and Mg, and a, p and y are respectively defined by 0<a<1.1, 1.9<p<2.1, and 0.002%£ 
0.10), and having the oxygen position parameter Z0 of 6.2360-0.2420, and having a lithium- 
to-oxygen distance (d) of 0.2100-0.2150 nm. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] It has the average presentation as which a crystal structure is the lithium multiple oxide 
powder which is a stratified rock salt mold belonging to the space group which is R-3m, and is 
expressed in the following general formula (1), and is Lialpha(nickell-x-yCoxMy) ObetaFgamma. (1) 
the inside of a formula, x, and y - the rate of an atomic ratio - expressing - 0.05<=x<=0.35, 
0.01<=y<=0.20, and M - Mn, Fe, aluminum, Ga, and Mg - one or more sorts of elements chosen from 
a group are expressed. Moreover, alpha, beta, and gamma express the rate of an atomic ratio when 
setting total of nickel, Co, and Element M to 1, and are 0< alpha<l.l, 1.9< beta<2.1, and 
0.002<=gamma<=0.10. 

Positive active material for lithium secondary batteries with which the distance between lithium-oxygen 
(d) which the oxygen positional parameters (Zo) called for from X diffraction measurement are 0.2360- 
0.2420, and is defined by the following type (2) consists of lithium multiple oxide powder which is 
0.2100nm-0.2150nm. 
[For mula 1] 



(a and c are the lattice constants in hexagonal system among a formula, and Zo is an oxygen positional 
parameter.) 

[Claim 2] Positive active material for lithium secondary batteries according to claim 1 with which said 
lithium multiple oxide powder is characterized by having the average presentation expressed with the 
following general formula (3). 
Lialpha(nickel 1 -x-y-zCoxMnyMz) ObetaFgamma (3) 

the inside of a formula, x, and y and z - the rate of an atomic ratio - expressing - 0.05<=x<=0.35, 
0.05<=y<=0.20, 0.0<=z<=0.15, 0.05<=y+z<=0.20 , 0.50 <=l«x-y-z<=0.80, and M - Fe, aluminum, Ga, 
and Mg - one or more sorts of elements chosen from a group are expressed. Moreover, alpha, beta, and 
gamma express the rate of an atomic ratio when setting total of nickel, Co, Mn, and Element M to 1, and 
are 0< alpha<l . 1, 1 .9< beta<2. 1, and 0.002<=gamma<=0. 10. 

[Claim 3] Positive active material for lithium secondary batteries which consists of lithium multiple 
oxide powder according to claim 1 or 2 by which it is being [ it consists of aggregated particles which 
are the aggregate of a detailed primary particle, the mean particle diameter of an aggregated particle is 1- 
30 micrometers, and / the mean particle diameter of a primary particle / 0.1-3 micrometers ] 
characterized. 

[Claim 4] Positive active material for lithium secondary batteries according to claim 3 with which 
fluorine is dissolving more mostly [ a surface ] than the interior of an aggregated particle, and metal 
fluoride crystalline by X diffraction measurement is not detected substantially. 

[Claim 5] the lithium secondary battery which resembles either of claims 1-4, and contains the positive 
active material of a publication. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the positive active material for lithium secondary 
batteries which consists of a specific lithium multiple oxide, and the cell which used it for the positive 
electrode. 
[0002] 

[Description of the Prior Art] In recent years, the need of portable devices, such as a cellular phone, a 
notebook sized personal computer, and a camcorder/movie, is increasing. A small lightweight 
rechargeable battery is indispensable to these devices. Although the nickel-Cd cell and the Ni-H battery 
have so far been used mainly as a rechargeable battery, these cells are in the limitation of the formation 
of small lightweight. 

[0003] On the other hand, the lithium secondary battery was developed. This cell has the description that 
energy density is high, in obtaining the high voltage compared with an old small rechargeable battery, 
and it can build a lightweight rechargeable battery smaller than an old cell. 

[0004] As a negative electrode of a lithium secondary battery, occlusion and the matter which can be 
emitted are used in a metal lithium, a lithium alloy, and a lithium ion. Considering the lithium ion as 
occlusion and matter which can be emitted, the carbon material metallurgy group oxide with the layer 
structure etc. is proposed. 

[0005] On the other hand, occlusion and the ingredient which can be emitted are used for the active 
material which constitutes a positive electrode in a lithium ion, and the metallic oxide of LiCo02, 
LiNi02, or LiMn204 grade, the metallic sulfide of TiS2 grade, and a specific polymer ingredient are 
mentioned to it. 

[0006] Moreover, high polymer films, such as polypropylene, are used as a separator made to intervene 
between a positive electrode and a negative electrode. A high polymer film is a thin porosity film the 
viewpoint of lithium ion conductivity and energy density to 50 microns or less. 
[0007] What dissolved the lithium salt of LiPF6 grade in the non-aqueous solvent which made the 
subject high dielectric constant solvents, such as propylene carbonate, as an electrolyte salt as the 
electrolytic solution is used. 

[0008] In order to form a lithium secondary battery into high-capacity -izing and a high energy 
consistency further, reservation of the safety of the cell accompanying this is indispensable. It becomes 
important to raise further the thermal stability of the various members of a lithium secondary battery to 
this. Moreover, since the cooling effectiveness of a cell worsens the more the more a cell becomes large- 
sized, the thermal stability of a cell member is searched for further. 

[0009] The thermal stability of a charge condition, i.e., the condition of having emitted most lithium 
ions, is regarded as questionable, and it is necessary to suppress low reactivity with the electrolytic 
solution in a charge condition especially in positive active material. 

[0010] Therefore, various amelioration has so far been made. For example, it not only raises thermal 
stability, but in cobalt acid lithium :LiCo02 or nickel acid lithium :LiNi02, in order to improve the cycle 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



11/4/07 



JP,2002-184402,A [DETAILED DESCRIPTION] 



Page 2 of 1 1 



property of a cell, the proposal which permutes Co and nickel partially by the different-species element 
was made. Although especially LiNi02 shows a discharge capacity higher than LiCo02, since thermal 
stability and a cycle property were inferior in it, this kind of proposal was made energetically. For 
example, there are JP,62-90863,A, JP,62-264560,A, JP,4-171659,A, JP,5-101827,A, JP,5-283076,A, 
etc. 

[001 1] JP,62-90863,A - AxMyNz02 (however, A alkali metal «) The multiple oxide which M is 
transition metals, and N is aluminum, In, and Sn, and is expressed with 0.05?<=x <=1.1, 0.85<=y<=l, 
and 0.001<=z<=0.1 In JP,62-264560,A, the compound metallic oxide expressed with LiNixCol-x02 
(however, 0< x<=0.27) in JP,4-171659,A LiMOz (however, a part of Li is permuted by alkaline earth 
metal, and it Co(es) M) The lithium multiple oxide which are Fe and nickel and is shown by 1 .9< z<2. 1 
in JP,5-101827,A LixMyNl-yOz (however, M is Mg, V, Cr, and Cu) 0<x<1.3, 0.02<=y<=0.5, and the 
active material expressed with 1.8< z<2.2 to JP,5-283076,A the active material expressed with LiyNil- 
xMex02 (however - the case where 0< x<0.5 and Me are Mn when Me(s) are Ti, V, Mn, and Fe and 
0.2< y<=1.3 and Me are Ti, V, and Fe - 0< x<0.6) is proposed. 

[0012] Moreover, amelioration of the positive active material using fluorine is also proposed. For 
example, there are a JP,8-213014,A official report, a JP,8-264183,A official report, a JP,9-120815,A 
official report, a JP,2000-128539,A official report, etc. 

[0013] In a JP,8-213014,A official report, the positive active material with which fluorination 
processing of the front face of the multiple oxide particle of a lithium and transition metals is carried out 
in a JP,8-264183,A official report The positive-electrode matter which has covering which becomes a 
particle front face from metal fluoride in a JP,9-120815,A official report The positive active material 
expressed with Lil+xNil-xOu-yFy (y+0.05) {12 <=x< (y+1) / 3, y> 0, 1.9<=u<=2.1) Moreover, with a 
JP,2000-128539,A official report, it is a general formula LiaMbOcXd (among a formula). At least one 
sort of metallic elements as which M was chosen from Cr, Mn, Fe, Co, and nickel, X uses as a principal 
component the lithium content transition-metals oxide or lithium content transition-metals halogenation 
oxide expressed with at least one sort of halogens, 0.2<=a<=1.2, 0.8<=b<=1.2, L7<=c<=2.1, and 
0<=d<=0.3. The metal halogenide NXe (it Li(s) among a formula N) of crystallinity [ front face / the / 
particle ] At least one sort of metallic elements chosen from Mg, aluminum, calcium, Ti, V, Cr, Mn, Fe, 
Co, and nickel, It is the lithium-transition-metals system halogenation oxide by which X is covered with 
at least one sort of halogens, and e is covered with the valence of a metallic element N. The amounts of 
the halogen which exists in a particle front face in the state of a crystalline metal halogenide are 0.01-0.5 
in a X/M atomic ratio. The amount of halogens which exists in the state of the solid solution which 
permuted the oxygen atom inside a particle is 0.002 or more in a X/M atomic ratio. And the positive 
active material whose total quantities with the halogen which exists in the state of the solid solution 
permuted by the halogen which exists in a particle front face in the state of a metal halogenide, and the 
oxygen atom inside a particle are 0.02-0.5 in a X/M atomic ratio is proposed. 
[0014] However, in order to correspond to high-capacity-izing and the further formation of a high 
energy consistency, and further enlargement of a lithium secondary battery, it had the trouble that the 
above positive active material of thermal stability was insufficient. 

[0015] Moreover, in order to be strongly dependent on coincidence also on the synthetic conditions of 
positive active material, the charge-and-discharge property of a lithium secondary battery had the 
problem of being lacking in repeatability in it at these points, - the fall of discharge capacity may be 
remarkable » with the case where an early discharge capacity is small, and the increment in a charge- 
and-discharge cycle, when the positive active material which improved the nickel acid lithium propose 
[ especially ] from the former was used. 
[0016] 

[Problem(s) to be Solved by the Invention] The purpose of this invention has thermal stability in 
offering the positive active material which can acquire a high initial discharge capacity and a good cycle 
property with sufficient repeatability highly, and the cell using the positive active material. 
[Means for Solving the Problem] 

[0017] In order to solve said technical problem, the oxygen positional parameter (Zo) which uses a lied 
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belt analysis method and is obtained from a powder X diffraction pattern, and the distance between 
lithium-oxygen (d) set this invention persons in a certain presentation range wholeheartedly as a result 
of examination. It found out that a good initial discharge capacity and a charge-and-discharge cycle 
property were acquired by preparing a lithium multiple oxide which goes into the range which has 
correlation good for an early discharge capacity and an early charge-and-discharge cycle property, and 
has an oxygen positional parameter (Zo) and the distance between lithium-oxygen (d). 
[0018] Then, this invention persons proposed previously the lithium multiple oxide which can acquire 
initial discharge capacity with it, and a good cycle property with sufficient repeatability. [ thermal high 
and stability and ] [ high ] And as a result of examining the exoergic behavior in the charge condition 
under electrolytic-solution existence in a detail about the above-mentioned lithium multiple oxide, when 
fluorine was contained in the above-mentioned lithium multiple oxide, it found out that the thermal 
stability of positive active material was improved remarkably. 

[0019] Specifically, it found out that the exoergic behavior in the charge condition of the lithium 
multiple oxide under electrolytic-solution existence elevated-temperature-ized. Furthermore, it came to 
complete header this invention for the thermal stability of positive active material being improved 
remarkably, maintaining a high initial discharge capacity and a good cycle property by improving the 
manufacture approach and making fluorine dissolve from the interior of positive-active-material powder 
to a surface layer at high concentration. 

[0020] Namely, this invention has the average presentation as which a crystal structure is the lithium 
multiple oxide powder which is a stratified rock salt mold belonging to the space group which is R-3m, 
and is expressed in the following general formula (1), and is Lialpha(nickell-x-yCoxMy) 
ObetaFgamma. (1) 

the inside of a formula, x, and y - the rate of an atomic ratio - expressing - 0.05<=x<=0.35, 
0.01<=y<=0.20, and M — Mn, Fe, aluminum, Ga, and Mg — one or more sorts of elements chosen from 
a group are expressed. Moreover, alpha, beta, and gamma express the rate of an atomic ratio when 
setting total of nickel, Co, and Element M to 1 , and are 0< alpha< 1.1, 1 ,9< beta<2. 1 , and 
0.002<=gamma<=0.10. 

The positive active material for lithium secondary batteries with which the distance between lithium- 
oxygen (d) which the oxygen positional parameters (Zo) called for from X diffraction measurement are 
0.2360-0.2420, and is defined by the formula (2) consists of lithium multiple oxide powder which is 
0.2 1 OOnm - 0.21 50nm is offered. 
[For mula 2] 



(a and c are the lattice constants in hexagonal system among a formula, and Zo is an oxygen positional 
parameter) 

[0021] The positive active material for lithium secondary batteries said whose lithium multiple oxide 
powder is a multiple oxide with the average presentation expressed with the following general formula 
(3) is the more desirable mode of this invention. 
Lialpha(nickell-x-y-zCoxMnyMz) ObetaFgamma (3) 

the inside of a formula, x, and y and z - the rate of an atomic ratio - expressing - 0.05<=x<=0.35, 
0.05<=y<=0.20, 0.0<=z<=0.15, 0.05<=y+z<=0.20 , 0.50 <=l-x-y-z<=0.80, and M - Fe, aluminum, Ga, 
and Mg - one or more sorts of elements chosen from a group are expressed. Moreover, alpha, beta, and 
gamma express the rate of an atomic ratio when setting total of nickel, Co, Mn, and Element M to 1, and 
are 0< alpha<l . 1, 1 .9< beta<2. 1, and 0.002<=gamma<=0. 10 [0022]. The positive active material for 
lithium secondary batteries whose mean diameter of a primary particle it consists of aggregated particles 
said whose lithium multiple oxide powder is the aggregate of a detailed primary particle, the mean 
diameter of an aggregated particle is 1-30 micrometers, and is 0.1-3 micrometers is the still more 
desirable mode of this invention. 
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[0023] Furthermore, in lithium multiple oxide powder with the average presentation expressed with said 
general formula (1) or (3), the lithium multiple oxide with which fluorine is dissolving more mostly [ a 
surface ] than the interior of an aggregated particle, and metal fluoride crystalline by X diffraction 
measurement is not detected is the especially desirable mode of this invention. 

[0024] Moreover, this invention offers the lithium secondary battery using the above mentioned positive 

active material for lithium secondary batteries. 

[0025] 

[The concrete gestalt of invention implementation] Below, this invention is explained at a detail. A 
crystal structure is the lithium multiple oxide powder which is a stratified rock salt mold belonging to 
the space group which is R-3m, and this invention is positive active material which consists of a lithium 
multiple oxide which has the average presentation it is expressed with the following general formula (1). 

Lialpha(nickell-x-yCoxMy) ObetaFgamma (1) 

the inside of a formula, x, and y the rate of an atomic ratio — expressing 0.05<=x<=0.35, 
0.01<=y<=0.20, and M - Mn, Fe, aluminum, Ga, and Mg - one or more sorts of elements chosen from 
a group are expressed. Moreover, alpha, beta, and gamma express the rate of an atomic ratio when 
setting total of nickel, Co, and Element M to 1, and are 0< alpha<l .1, 1 .9< beta<2. 1, and 
0.002<=gamma<=0. 10. 

[0026] Co stabilizes the structure of the lithium multiple oxide of this invention, and contributes to 
improvement in a charge-and-discharge cycle property. Element M has effectiveness in improvement in 
the thermal stability in the charge condition of the lithium multiple oxide of this invention, and 
improvement in a charge-and-discharge cycle property. As for the content of Co, it is more desirable 
from improvement in a charge-and-discharge cycle property, and a viewpoint of a high discharge 
capacity that it is 0. 10<=x<=0.33. Moreover, as for the content of Element M, it is more desirable that it 
is 0.02<=y<=0.15 from a viewpoint of the thermal improvement effectiveness in stability of the nickel 
acid lithium in a charge condition and a high discharge capacity. 

[0027] F contributes to improvement in the thermal stability in the charge condition of the lithium 
multiple oxide of this invention, without the discharge capacity of the cell which used the lithium 
multiple oxide of this invention as positive active material being large, and making it fall. As for the 
content of F, it is more desirable from a viewpoint of improvement in a high discharge capacity and the 
thermal stability in a charge condition that it is 0.005<=gamma<=0.05. 

[0028] As for the lithium multiple oxide suitable for the positive active material for lithium secondary 
batteries in this invention, it is desirable that oxygen positional parameters (Zo) are 0.2360-0.2420. An 
oxygen positional parameter (Zo) shows a charge-and-discharge property and good correlation, and if 
Zo is this range, it shows a high discharge capacity and a good charge-and-discharge cycle property. 
Preferably, the range of Zo is 0.2370-0.2417. The range of Zo is 0.2375-0.2415 still more preferably. Zo 
is a numeric value acquired by performing lied belt analysis based on the powder X diffraction pattern 
of positive active material. 

[0029] moreover, the lithium multiple oxide suitable for the positive active material for lithium 
seco ndary batteries in t his invention - degree type (2): - [Formula 3] 



It is desirable that the distance between lithium-oxygen (d) defined by (a and c are the lattice constants 
in hexagonal system among a formula, and Zo is an oxygen positional parameter) is 0.2100nm - 
0.21 50nm. A charge-and-discharge property and good correlation are shown, and the distance between 
lithium-oxygen (d) shows a high discharge capacity and a good charge-and-discharge cycle property, if 
d is this range. Preferably, d is the range which is 0.2102nm - 0.2145nm, and the range of it is 0.2105nm 
- 0.2140nm still more preferably. Here, lattice constants a and c and the oxygen location rose meter Zo 
are numeric values acquired by performing lied belt analysis based on the powder X diffraction pattern 
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of positive active material. 

[0030] The lithium multiple oxide in this invention has the average presentation expressed with the 
following general formula (3), and, in addition to nickel, Co, and F, the indispensable thing to do for the 
content element of Mn is more desirable. 
Lialpha(nickell-x-y-zCoxMnyMz) ObetaFgamma (3) 

the inside of a formula, x, and y and z — the rate of an atomic ratio — expressing — 0.05<=x<=0.35, 
0.05<=y<=0.20, 0.0<=z<=0.15, 0.05 <=y+z<=0.20, 0.50 <=l-x-y-z<=0.80, and M - Fe, aluminum, Ga, 
and Mg - one or more sorts of elements chosen from a group are expressed. Moreover, alpha, beta, and 
gamma express the rate of an atomic ratio when setting total of nickel, Co, Mn, and Element M to 1, and 
are 0< alpha<l.l, 1.9< beta<2.1, and 0.002<=gamma<=0.10 [0031]. Co stabilizes the structure of the 
lithium multiple oxide of this invention, and contributes to improvement in the charge-and-discharge 
cycle property of the cell which used the lithium multiple oxide of this invention as positive active 
material, and improvement in the thermal stability in the charge condition of the lithium multiple oxide 
of this invention. Mn contributes to improvement in the thermal stability in the charge condition of the 
lithium multiple oxide of this invention, without the discharge capacity of the cell which used the 
lithium multiple oxide of this invention as positive active material being large, and making it fall. 
Furthermore, Element M has effectiveness in improvement in the thermal stability in the charge 
condition of the lithium multiple oxide of this invention, and improvement in the charge-and-discharge 
cycle property of the cell which used the lithium multiple oxide of this invention as positive active 
material, looks at the balance of improvement in a high discharge capacity and a charge-and-discharge 
cycle property, or improvement in a charge-and-discharge cycle property, and is added suitably. From 
the balance of improvement in a high discharge capacity and a charge-and-discharge cycle property, or 
improvement in a charge-and-discharge cycle property, Co, Mn, y+z that is the function of the content 
of Element M, and 1-x-y-z are restricted to the above-mentioned range. F contributes to improvement in 
the thermal stability in the charge condition of the lithium multiple oxide of this invention, without the 
discharge capacity of the cell which used the lithium multiple oxide of this invention as positive active 
material being large, and making it fall like the above. 

[0032] As for the content of Co, it is more desirable from improvement in a charge-and-discharge cycle 
property, and a viewpoint of a high discharge capacity that it is 0. 10<=x<=0.33. As for the content of 
Mn, it is more desirable from a viewpoint of improvement in a high discharge capacity and the thermal 
stability in a charge condition that it is 0.07<=y<=0.15. Moreover, as for the content of Element M, the 
balance of improvement in a high discharge capacity and a charge-and-discharge cycle property or 
improvement in a charge-and-discharge cycle property to 0.0<=z<=0.10 is more desirable. By the same 
reason, the content of Co, Mn, and Element M has the more desirable range of 0.07 <=y+z<=0. 1 5 and 
0.45 <=l-x-y-z<=0.75. As for the content of F, it is more desirable from a viewpoint of improvement in 
a high discharge capacity and the thermal stability in a charge condition that it is 0.005<=gamma<=0.05. 

[0033] As for the lithium multiple oxide powder of this invention, it is still more desirable that it 
consists of aggregated particles which are the aggregate of a detailed primary particle, the mean particle 
diameter of an aggregated particle is 1-30 micrometers, and the mean particle diameter of a primary 
particle is 0.1-3 micrometers. 

[0034] The mean particle diameter of the viewpoint of being used suitable for the positive active 
material for lithium secondary batteries to an aggregated particle has more desirable 3-25 micrometers. 
The mean particle diameter and particle size distribution of an aggregated particle can be checked with 
the particle-size-distribution measuring device using a general laser diffraction scattering method. 
Moreover, the thermal stability in the charge condition of a lithium multiple oxide falls that the mean 
diameter of the primary particle which constitutes an aggregated particle is very detailed. The average 
diameter of a primary particle can be checked with an electron microscope etc. 

[0035] The lithium multiple oxide in this invention has especially the desirable thing for which it has the 
average presentation expressed with said general formula (1) or (3), and fluorine is dissolving more 
mostly [ a surface ] than the interior of an aggregated particle, and a metal fluoride phase crystalline by 
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X diffraction measurement is not detected. 

[0036] If fluorine is dissolving more mostly [ a surface ] than the interior of an aggregated particle, 
discharge capacity of the cell which used the lithium multiple oxide of this invention as positive active 
material can be made higher, maintaining highly the thermal stability in the charge condition of the 
lithium multiple oxide of this invention compared with the case where fluorine dissolves on the average. 
However, on conditions on which a metal fluoride phase crystalline by X diffraction measurement is 
detected, it is in the condition that the front face of lithium multiple oxide powder was covered with a lot 
of metal fluorides, and the discharge capacity of a cell falls greatly. Moreover, in this invention, it is a 
desirable gestalt to dissolve more mostly [ the surface of the aggregated particle which fluorine becomes 
from a lithium multiple oxide ] than the interior, for example, the improvement effect of thermal 
stability is very small by the technique of fluorinating the outermost surface of an aggregated particle, 
and the technique of only covering an aggregated particle front face with metal fluoride. 
[0037] The following approaches can be raised as a suitable method of obtaining the lithium multiple 
oxide suitable for the positive active material for lithium secondary batteries of this invention. 
[0038] First, the water solution and hydroxylation ant potash water solution which mixed the choosing 
[ out of the group which consists of Fe, aluminum, Ga, and Mg a nickel nitrate, a cobalt nitrate, a 
manganese nitrate, and if needed ] nitrate by the predetermined ratio are made to react, and the water 
slurry of beta mold compound nickel hydroxide is adjusted. After making an oxidizer and alkali water 
solutions, such as persulfuric acid alkali, add and react to this, it washes and dries and oxy-nickel 
hydroxide is obtained. The approach of heat-treating it, after mixing lithium fluoride Li salts, such as a 
lithium hydroxide and a lithium nitrate, and if needed can be mentioned. 

[0039] The water solution and hydroxylation ant potash water solution which mixed the choosing [ out 
of the group which consists of Fe, aluminum, Ga, and Mg as other approaches a nickel nitrate, a cobalt 
nitrate, a manganese nitrate, and if needed ] nitrate by the predetermined ratio are made to react, and the 
water slurry of compound nickel hydroxide is adjusted. This is washed and dried and compound nickel 
hydroxide powder is obtained. After mixing it with Li salts, such as a lithium hydroxide, and the salt 
chosen from the group which consists of lithium fluoride, or aluminum, Ga and Mg if needed, the 
approach of heat-treating can be mentioned. 

[0040] Moreover, fluorine can mention the following approaches as a suitable method of obtaining the 
lithium multiple oxide which dissolved. After manufacturing lithium multiple oxide powder by the 
above, the first, or the second technique and mixing the lithium fluoride of optimum dose to this, it is the 
approach of heat-treating on suitable conditions. 

[0041] And in the manufacture approach mentioned above, each manufacture conditions can be suitably 
chosen so that oxygen location rose meter (Zo) and the distance between lithium-oxygen (d) may have a 
specific value. 

[0042] And the lithium secondary battery using the lithium multiple oxide of this invention as positive 
active material is the suitable embodiment of this invention. 

[0043] If the example of the lithium secondary battery using said lithium multiple oxide as positive 
active material is given, it is constituted including fundamentally the negative electrode which usually 
turns into an electrode, a positive electrode, and nonaqueous electrolyte, and the separator is usually 
formed between the negative electrode and the positive electrode. 

[0044] As positive active material which constitutes a positive electrode, said lithium multiple oxide is 
used suitably. Moreover, as positive active material, it can mix suitably and the other lithiums and the 
multiple oxide of transition metals, for example, LiCo02 powder, and 20LiMn4 powder other than said 
lithium multiple oxide can also be used. 

[0045] Moreover, as for a positive electrode, electric conduction agents other than said positive active 
material, such as binders and acetylene black, such as polyvinylidene fluoride (PVDF) and 
polytetrafluoroethylene (PTFE), and a graphite, are contained. 

[0046] As a negative-electrode active material which constitutes a negative electrode, a dope, the tin 
oxide which can be dedoped, niobium oxide, a vanadium oxide, and a lithium ion can be used for 
doping, the carbon material which can be dedoped, and a lithium ion, and any of a dope and the silicon 
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which can be dedoped can be used [ a metal lithium, a lithium alloy, and a lithium ion ] for a dope, the 
titanium oxide which can be dedoped, or a lithium ion. Doping and the carbon material which can be 
dedoped are desirable in a lithium ion also in these. Such a carbon material may be graphite, or may be 
amorphous carbon, and activated carbon, a carbon fiber, carbon black, a meso carbon micro bead, a 
natural graphite, etc. are used. 

[0047] The high crystallinity carbon material which has a property near the graphite or it whose 
consistencies a carbon material 0.340nm or less has the desirable spacing (d002) of the field (002) 
measured by X-ray analysis, and are three or more 1.70 g/cm from a viewpoint of making energy 
density of a cell high, as a negative-electrode active material is recommended as a desirable thing. 
[0048] Moreover, as for a negative electrode, binders other than said negative-electrode active material, 
such as polyvinylidene fluoride (PVDF) and polytetrafluoroethylene (PTFE), are contained. 
[0049] As nonaqueous electrolyte, the solution which mixed electrolytes, such as LiBF4, LiPF6, 
LiC104, LiAsF6, LiCF3S03, Li2SiF6, and LiC8F17S03, is used for non-aqueous solvents, such as a 
carbonate compound which usually contains propylene carbonate and ethylene carbonate. Although the 
mixture of various non-aqueous solvents and the thing which blended the additive are proposed as a 
non-aqueous solvent, it can be used choosing from the non-aqueous solvent of the conventional proposal 
suitably. 

[0050] Moreover, the lithium salt shown as an electrolyte by the general formula of a degree besides the 
above-mentioned LiBF4, LiPF6, LiC104 and LiAsF6, UCF3S03, Li2SiF6, and LiC8F17S03 can also 
be used. LiOSO two R8, LiN (SO two R9) (SO two R10), LiC (SO two Rl 1) (SO two R12) (SO two 
R13), LiN (S020R14) (S020R15) (here, even if R8-R15 are mutually the same, they may differ from 
each other, and they are the perfluoroalkyl radical of carbon numbers 1-6). Even if these lithium salt is 
independent, and even if it mixes two or more sorts, it can be used. 

[0051] A separator is film which insulates a positive electrode and a negative electrode electrically, and 
penetrates a lithium ion, and the porous film and a poly electrolyte are illustrated. As porous film, a fine 
porosity polymer film is used suitably, and polyolefine, polyimide, and polyvinylidene fluoride are 
illustrated as the quality of the material. Especially, a porous polyolefine film is desirable and the 
multilayer film of a porous polyethylene film, a porous polypropylene film or a porous polyethylene 
film, and polypropylene can specifically be illustrated. As a polyelectrolyte, the macromolecule which 
dissolved lithium salt, the macromolecule made to swell with the electrolytic solution are mentioned. 
The electrolytic solution of this invention may be used in order to make a macromolecule swell and to 
obtain a polyelectrolyte. 

[0052] Such a nonaqueous electrolyte rechargeable battery can be formed in the configuration of 
cylindrical, a coin mold, a square shape, and other arbitration. However, the basic structure of a cell 
depends and is the same as a configuration, and a design change can be performed according to the 
purpose. Next, although the structure of cylindrical and a coin mold cell is explained, what described 
above the negative-electrode active material, the positive active material, and the separator which 
constitute each cell is used in common. 

[0053] For example, in the case of the cylindrical nonaqueous electrolyte rechargeable battery, through 
the separator which poured in nonaqueous electrolyte, the negative electrode which comes to apply a 
negative-electrode active material to a negative-electrode charge collector, and the positive electrode 
which comes to apply positive active material at a positive-electrode charge collector are contained with 
the cell can, where [ of winding and a winding object ] an electric insulating plate is laid up and down. 
[0054] Moreover, the nonaqueous electrolyte rechargeable battery concerning this invention is 
applicable also to a coin mold nonaqueous electrolyte rechargeable battery. By the coin mold cell, the 
plate of a disc-like negative electrode, a separator, a disc-like positive electrode and stainless steel, or 
aluminum is contained by the coin mold cell can, where a laminating is carried out to this sequence. 
[0055] On the other hand, in this invention, the procedure described below performed calculation of the 
oxygen positional parameter (Zo) in lied belt analysis, and the distance between lithium-oxygen (d). 
[0056] First, the X diffraction pattern of positive active material is measured. As for measurement, it is 
desirable to use the optical system using the narrowest possible slit. In lied belt analysis, precision of 
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fitting can be made high, the case of X-ray diffractometer with the Rigaku monochromator — divergence 
Slit (DS), Scattering Slit (SS), and Receiving Slit (RS), And a thing (0.5-, 0.5-, 0.15mm, and 0.6mm) 
can use Receiving Slit (RSm) of a monochromator, respectively. The larger one of the range of 2theta 
used for analysis is good, and it is desirable to measure the range of 10 - 120-. As for the conditions of 
the current and electrical potential difference of a line source that Cu-Kalpha with the common line 
source of an X-ray is used, 50kV and 200mA are chosen. The scan method of 2theta ** has a desirable 
step scan. It is desirable to perform the scan of 2theta ** slowly, for example, as for a scan speed, 
conditions, such as 3 second / Step, are chosen. 

[0057] Thus, lied belt analysis is performed based on the measured X diffraction pattern. Lied belt 
analysis is the analysis approach of carrying out elaboration so that it may be in agreement with the X 
diffraction pattern of an observation of the parameter of the structure model which applied the X 
diffraction pattern calculated based on the prospective structure model to the X diffraction pattern of an 
observation, and set it up beforehand. 

[0058] The program used for lied belt analysis can use Rietan from which the Fuji Izumi husband of for 
example, inorganic material ** was made (F.Izumi, The Rietveld Method, ed.by R.A.Young, Oxford 
University Press, and Oxford (1993ap.l3.).). Rietan97beta was used in this invention. It is analyzable 
using a crystal structure model as set the space group to which the crystal of positive active material 
belongs to R-3m, for example, shown in Table 1. The pulse duty factor [ in / on Table 1 and / 3a site ] 
(a) of transition-metals ion T (1), atomic location of the direction of the z-axis of anion X in 6c site (ZO) 
isotropy heat oscillating parameter (B0) is a parameter which carries out elaboration in lied belt analysis. 
However, in Table 1, T (1) and T (2) are the transition -metals ion of imagination, and T expresses T= 
{nickel3+l-x-yCo3+xMV} (MP, Fe3+, Mn3+, aluminum3+, Ga3+, and Mg2+ ion more than a kind 
chosen from the group). X expresses the anion of imagination and expresses X=02-l -gamma/2 F- 
gamma / 2. Moreover, a parameter required for analyses, such as other background parameters and 
lattice constants a and c, analyzes by carrying out a sequential setup so that an R factor may fall 
favorably. The range of 15 - 120- where diffraction lines with the main 2theta range of the X diffraction 
pattern used for analysis are contained is chosen. Termination of analysis has the small value (Rwp 
value) of the remainder of calculated value and an actual measurement, and can make a standard the 
time of becoming 10% or less. Thus, the oxygen location rose meter (Zo) by which elaboration was 
carried out is called for. And based on a formula (2), the distance between lithium-oxygen is calculated 
from the lattice constants a and c by which elaboration was carried out similarly, and oxygen location 
rose meter (Zo). 
[0059] 
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[0060] 

[Example] Hereafter, although an example explains this invention to a detail further, this invention is not 
restricted at all by these examples. 

[0061] (Example 1) nickel, Co, Co whose Mn atomic ratio is 60:30:10, Mn content beta mold nickel 
hydroxide, an anhydrous lithium hydroxide, and lithium fluoride were often mixed with the agate mortar 
in nitrogen so that it might be set to 1 : 1 :0.03 by the mole ratio. This powder was heat-treated at 850 
degrees C in the oxygen air current of the flow rate of 0.51. / min with the tube furnace for 8 hours. After 
cooling radiationally and taking out all over the glove compartment of N2 ambient atmosphere, the 
mortar ground and the lithium multiple oxide powder whose second [ an average of] particle diameter is 
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about 12 micrometers was obtained. 

[0062] Next, the X diffraction pattern of the above-mentioned lithium multiple oxide powder was 
measured. The diffraction peak which belongs to the R-3m of the space groups as LiNi02 with the same 
X diffraction pattern was seen, and the impurity peak which can be identified was not seen. 
Furthermore, lied belt analysis was performed using the data of an X diffraction pattern, and an oxygen 
positional parameter (ZO) and the distance between lithium-oxygen (d) were found. 
[0063] And the charge and discharge test of the cell using the above-mentioned lithium multiple oxide 
was carried out as follows. First, the obtained fine particles, acetylene black, a Teflon (trademark) binder 
(the mixing ratio was mixed at a rate of 6:2: 1 and what extracted 24mg of the mixed powder, carried out 
after sticking by pressure by 2, and carried out the vacuum drying at 140 degrees C cm 5t /on the mesh 
made from SUS304 of lOmmphi (100 meshes) was used as the positive electrode.) To the negative 
electrode, the coin cell was produced all over the glove compartment of argon atmosphere using the 
mixed solution (volume ratio 1 : 1) of ethylene carbonate and diethyl carbonate which dissolved the 
porosity film made from PE in the metal Li foil and the separator, and dissolved LiPF6 of lmol/1 in the 
electrolytic solution. It charged to 4.3V by the constant current of 20 mA/g to positive active material, 
and the charge and discharge test of a cell was made to discharge to 3.0V by the constant current of 20 
mA/g. 

[0064] Moreover, the heat instability test was carried out as follows. The cell was produced by the same 
technique as the case of a charge and discharge test, and constant-potential charge was performed after 
charge to 4.3V by the constant current of 20 mA/g to positive active material. After disassembling the 
charged cell under argon atmosphere and taking out a positive-electrode plate, the electrolytic solution, 
positive active material, a binder, and 4.5mg of electrodes containing an electric conduction agent were 
extracted, and it enclosed with the seal mold container for 15micromade from SUS I, and considered as 
the sample of thermal analysis. The weight ratio of the electrolytic solution and positive active material 
which are contained in the electrode was about 0.38. The DSC equipment made from the SEIKO 
electron (DSC220) was used for thermal analysis. DSC measurement made the programming rate 
Sdegree C/min., and by the flow rate of 250 ml/min., the flow of the Ar gas was carried out and it 
measured it. The measured data performed processing in which the data which measured the container 
of the state of the sky by the same Measuring condition were deducted as a background. 
[0065] (Example 2) nickel, Co, Co whose Mn atomic ratio is 60:30: 10, Mn content beta mold nickel 
hydroxide, and an anhydrous lithium hydroxide were often mixed with the agate mortar in nitrogen so 
that it might be set to 1 : 1 .03 by the mole ratio. This powder was heat-treated at 850 degrees C in the 
oxygen air current of the flow rate of 0.51. / min with the tube furnace for 8 hours. After cooling 
radiationally and taking out all over the glove compartment of N2 ambient atmosphere, the mortar 
ground and lithium multiple oxide powder was obtained. 

[0066] Furthermore, above-mentioned lithium multiple oxide powder and lithium fluoride were often 
mixed with the agate mortar so that it might be set to 1 :0.03 by the mole ratio. This powder was heat- 
treated at 700 degrees C in the oxygen air current of the flow rate of 0.51. / min with the tube furnace for 
1 hour. After cooling radiationally and taking out all over the glove compartment of N2 ambient 
atmosphere, the mortar ground and the fluorine whose second [ an average of] particle diameter is about 
12 micrometers obtained the lithium multiple oxide powder which dissolved. 
[0067] Next, the X diffraction pattern of the above-mentioned lithium multiple oxide powder was 
measured like the example 1 . The diffraction peak which belongs to the R-3m of the space groups as 
LiNi02 with the same X diffraction pattern was seen, and the impurity peak which can be identified was 
not seen. Moreover, as for the lattice constant before and after mixing with LiF and heat-treating, change 
was accepted slightly. It is thought that it is the result of showing that fluorine dissolved on the front 
face. And lied belt analysis, the charge and discharge test of a cell, and the heat instability test were 
performed like the example 1. 

[0068] (Example 1 of a comparison) nickel, Co, Co whose Mn atomic ratio is 60:30:10, Mn content beta 
mold nickel hydroxide, and a lithium hydroxide were often mixed with the agate mortar in nitrogen so 
that it might be set to 1 : 1 .03 by the mole ratio. This powder was heat-treated at 850 degrees C in the 
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oxygen air current of the flow rate of 0.51. / min with the tube furnace for 8 hours. After cooling 
radiationally and taking out all over the glove compartment of N2 ambient atmosphere, the mortar 
ground and lithium multiple oxide powder was obtained. 

[0069] Furthermore, above-mentioned lithium multiple oxide powder and lithium fluoride were often 
mixed with the agate mortar so that it might be set to 1 :0.20 by the mole ratio. This powder was heat- 
treated at 700 degrees C in the oxygen air current of the flow rate of 0,51. / min with the tube furnace for 

1 hour. After cooling radiationally and taking out all over the glove compartment of N2 ambient 
atmosphere, the mortar ground and the fluorine whose second [ an average of] particle diameter is about 
12 micrometers obtained the lithium multiple oxide powder which dissolved. 

[0070] Next, the X diffraction pattern of the above-mentioned lithium multiple oxide powder was 
measured like the example 1. The diffraction peak considered to be the diffraction peak which belongs 
to the R-3m of the space groups as LiNi02 with the same X diffraction pattern, and lithium fluoride was 
seen. Since the above-mentioned lithium multiple oxide powder was not single-phase powder which 
consists only of stratified rock salt type structure, lied belt analysis was not performed but only the 
charge and discharge test of a cell was performed. 

[0071] Examples 1 and 2 were shown in Table 2, and the lied belt analysis result of the examples 1 and 

2 of a comparison, the charge and discharge test result, and the heat-instability-test result were shown in 
the list. That of a lied belt analysis result carried the Rwp value which is the remainder of calculated 
value and an actual measurement, an oxygen positional parameter (Z0), and the distance between 
lithium-oxygen (d). The retention of the discharge capacity at the time of repeating charge and discharge 
up to the discharge capacity of a first time cycle and 20 cycles was put on the charge and discharge test 
result. The discharge capacity of a first time cycle was standardized in the amount of positive active 
material of a cell. Moreover, the calorific value equivalent to the exothermic peak temperature of biggest 
generation of heat in the DSC curve under electrolytic-solution existence and the area of the exothermic 
peak to 100-350 degrees C was put on the heat-instability-test result. Calorific value was standardized in 
the amount of positive active material used for measurement. 

[0072] In Table 2, that examples 1 and 2 are good shows a charge and discharge test result and a heat- 
instability-test result. Moreover, the example 1 of a comparison is inferior in the charge and discharge 
test result compared with examples 1 and 2. 
[0073] 
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[0074] The DSC curve under the electrolytic-solution existence measured by the heat instability test of 
examples 1 and 2 is shown in drawing 1 . Drawing 1 and Table 2 show that discharge capacity is high 
compared with an example 1, and it is more suitable as positive active material, although an example 2 
is the same exoergic behavior. 
[0075] 

[Effect of the Invention] Compared with the conventional positive active material, the thermal stability 
in the charge condition condition under electrolytic-solution existence of the positive active material 
which consists of a lithium multiple oxide of this invention is remarkably high. The exothermic peak 
temperature in the charge condition under electrolytic-solution existence is more high, and, specifically, 
positive active material with smaller calorific value is obtained. While a high initial discharge capacity is 
obtained by coincidence, even if it repeats charge and discharge dozens times, positive active material 
with small degradation of discharge capacity is obtained. Furthermore, the lithium secondary battery of a 
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high energy consistency with little cycle degradation whose safety improved can be obtained by using 
the positive active material of this invention. Moreover, the lithium multiple oxide suitable for the 
positive active material of this invention has the description that it can obtain with sufficient 
repeatability. 



[Translation done.] 
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